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FOREWORD 


The  screwworm  continues  to  be  a  major  pest  of 
livestock  in  the  Southwest. 

From  the  summer  of  1933  until  June  17,  1959,  it 
was  also  a  major  pest  of  livestock  in  the  Southeast.  Be- 
tween the  latter  date  and  June  18,  1961,  however,  no 
screwworm  cases  were  found  in  the  Southeast  due  to  a 
successful  eradication  program  carried  out  by  the 
Agricultural  Research  Service,  the  State  of  Florida,  and 
other  Southeastern  States.  During  the  last  half  of  1961, 
the  same  methods  used  in  the  first  program  again  erad- 
icated scattered  infestations  of  the  screw-worm  in  the 
Southeast. 

The  southeastern  successes  led  to  inquiries  about 
the    feasibility  of  using  these  methods  in  the  Southwest. 

This  report  discusses  the  southeastern  eradica- 
tions, the  methods  used,  other  pertinent  facts  about  the 
screwworm  and  its  control,  and  how  screwworm  eradi- 
cation is  presently  being  approached  in  the  Southwest. 
It  makes  certain  comparisons  between  the  Southeast 
and  the  Southwest  and  touches  upon  the  significance  of 
the  Southwest 's  contiguity  with  Mexico.  The  need  for 
additional  research  to  improve  eradication  and  control 
methods  is  stressed. 

Agricultural  leaders  and  others  may  find  the  infor- 
mation in  this  report  useful  to  appraise  and  explain  the 
status  of  the  screwworm  in  the  United  States. 


The  information  in  this  report  was  furnished  by  the  Animal  Disease 
Eradication  Division  and  the  Entomology  Research  Division  of  the  Agri- 
cultural Research  Service. 


STATUS  OF  THE  SCREWWORM  IN  THE  UNITED  STATES 


The  screwworm  is  the  maggot  or  larva  of  the  screwworm  fly, 
Cochliomyia  hominivorax.  The  taper  of  the  larva's  body  and  the  rings  of 
spines  that  encircle  it  somewhat  resemble  a  wood  screw.  From  these 
characteristics  it  derives  its  common  name. 

The  screwworm  fly  is  about  twice  the  size  of  a  housefly.  It  has  a 
bluish-green  body,  three  dark  stripes  along  its  back,  and  orange -colored 
eyes.  The  fly  does  not  bite  or  sting.  It  is  not  attracted  by  foodstuffs  or  to 
the  shelter  of  homes. 

The  screwworm  fly  is  economically  important  because  it  infests 
wounds  of  living,  warmblooded  animals  causing  destruction  of  body  tissue 
and  illness  that  often  result  indeath  of  the  infested  animal.  The  fly  lays  her 
eggs  at  the  edges  of  wounds.  The  eggs  hatch  into  larvae  or  maggots  (screw- 
worms)  and  these  soon  bury  themselves  almost  full  length  in  the  animal's 
wound,  and  feed,  continually  rasping  away  at  the  living  flesh.  Severe 
destruction  of  tissue  soon  ensues  and  a  straw-colored,  malodorous,  often 
bloody,  exudate  seeps  from  the  wound.  An  infested  wound  attracts  more 
screwworm  flies  and  multiple  infestations  of  several  hundred  to  several 
thousand  larvae  of  all  sizes  may  soon  be  established.  Such  multiple  in- 
festations soon  cause  the  death  of  the  host  unless  treatment  is  speedy  and 
thorough.  And  infestations,  even  when  they  are  discovered  and  treated, 
may  still  maim  and  stunt  animals,  retard  weight  gains,  and  increase  the 
animal's  susceptibility  to  disease. 

Domestic  animals  killed,  stunted,  or  maimed  by  the  screwworm,  plus 
the  time  and  money  spent  to  seek  out  and  treat  infested  wounds,  formerly 
cost  stockraisers  in  Southeastern  United  States  an  estimated  $20  million 
a  year.  Annual  losses  in  Southwestern  United  States  are  undoubtedly 
greater.  Losses  in  •wildlife  have  not  been  estimated. 

The  severity  and  extent  of  screwworm  attacks  in  any  given  year  de- 
pend on  the  weather  and  on  the  availability  of  host  animals.  Following  a 
warm  winter,  when  conditions  are  favorable  for  screwworm  activity, 
losses  are  usually  heavier  and  extend  over  a  much  greater  area  than  those 
following  a  cold  winter.  The  screwworm  fly  cannot  survive  the  year 
around  in  localities  where  the  average  temperature  is  50°  F.  or  lower  for 
80  or  so  consecutive  days. 

A  warmblooded  animal  must  be  wounded  or  his  skin  punctured  or 
scratched  in  some  manner  before  it  becomes  susceptible  to  screwworm 
attack.  Wounds  that  are  attractive  to  the  flies  include  navels  of  newborn 
animals,  wire  cuts,  scratches  and  snags,  surgical  operations,  brands,  dog 
bites,  fly  and  tick  bites,  wounds  from  fighting,  punctures  in  the  udders  of 
sows  made  by  the  needlelike  teeth  of  suckling  pigs,  earmarking,  eartagging, 
ringing  of  hogs,  and  gunshot  wounds.  Navels  of  newborn  animals  appear  to 
be  the  most  attractive,  and  navel  infestations  are  more  likely  to  cause  death 
than  the  others  listed.  Many  of  these  wound  sources  reflect  the  importance 
of  good  management  of  livestock  in  screwworm -infested  areas. 


The  Entomology  Research  Division  and  the  Animal  Disease  Eradica- 
tion Division  of  the  Agricultural  Research  Service  and  others  have  made 
significant  advances  in  the  fight  against  the  screwworm.  They  have  con- 
clusively demonstrated  that  the  pest  is  controllable  and  that,  in  certain 
areas  under  some  conditions,  it  can  be  eradicated.  Research  and  surveys 
unearthed  the  facts  that  made  these  advances  possible.  Establishing  the 
pest's  true  identity  was  one  of  the  first. 


THE  SCREWWORM  FLY  AND  BLOWFLIES 


In  1932  research  workers  found  that  the  identity  of  the  screwworm  fly 
was  confused  with  that  of  a  common  blowfly,  Cochliomyia  macellaria,  which 
in  general  appearance  looks  exactly  like  the  true  screwworm  fly.  Also 
established  was  the  fact  that  the  screwworm  is  a  true  parasite  and  in  nature 
depends  on  the  living  flesh  of  warmblooded  animals.  On  the  other  hand, 
Cochliomyia  macellaria,  like  other  blowflies,  generally  breeds  indecaying 
flesh.  (They  are  nonetheless  serious  secondary  invaders  of  large  wounds 
especially  in  sheep  and  goats.)  These  discoveries  changed  some  control 
methods.  Trapping,  for  example,  which  was  formerly  accepted  as  a  pos- 
sible method  of  control,  proved  to  be  useless  because  the  material  used  to 
bait  the  traps  attracted  relatively  few  primary  screwworm  flies. 

The  screwworm  fly  also  lays  her  eggs  on  the  edges  of  wounds  in  neat, 
shinglelike  masses,  and  the  eggs  are  firmly  cemented  together.  The  com- 
mon blowfly  lays  eggs  haphazardly  in  no  particular  pattern  and  the  eggs  are 
not  cemented  together. 

The  screwworm  larvae  crowd  together  and  feed  in  compact  groups 
embedded  in  the  flesh.  The  blowfly  larvae  do  not  bury  themselves  in  the 
flesh  but  tend  to  crawl  about  on  the  surface  of  the  ■wound.  The  blowfly  larvae 
are  more  likely  to  be  seen  on  large  wounds  where  some  of  the  flesh  is  de- 
caying rather  than  in  fresh  wounds  where  the  flesh  has  not  started  to   decay. 


DISTRIBUTION  AND  SEASONAL  ACTIVITY 


The  screwworm  is  native  to  Southwestern  United  States.  It  exists  also 
in  Mexico,  Central  America,  South  America,  and  in  many  islands  of  the 
West  Indies. 

The  screwworm  was  not  found  in  Southeastern  United  States  until  the 
summer  of  1933  when  infested  animals  from  the  drought-stricken  Southwest 
were  brought  into  southern  Georgia.  Within  2  years  the  pest  spread  through- 
out the  Southeast  and  became  established  inpeninsular  Florida,  where  mild 
winters  permitted  its  survival  throughout  the  year.  No  screwworm  cases 
were  found  in  the  Southeast,  however,  from  June  17,  1959,  to  June  18,  1961, 
due  to  a  successful  eradication  program  carried  out  by  the  Agricultural 
Research    Service,     the    State    of   Florida,    and    other   Southeastern  States. 

Each  spring,  with  the  onset  of  warm  weather,  the  flies  spread  north- 
ward by  natural  flight  at  an  average  rate  of  35  miles  per  week.  From  the 
overwintering  area  in  peninsular  Florida,  they  formerly  spread  into 
Georgia,    Alabama,    Mississippi,    South  Carolina,  and,  less  frequently,  into 


North  Carolina,  Tennessee,  and  Virginia.  From  the  southern  extremi- 
ties of  Texas,  New  Mexico,  Arizona,  and  California,  they  spread  through- 
out those  States  and  into  Louisiana,  Arkansas,  Oklahoma,  Kansas,  and  other 
States  to  the  north  and  particularly  along  the  Mississippi  River. 

Cold  weather  each  fall  freezes  the  screwworm  back  into  the  over- 
wintering areas,  which  lie  south  of  a  hypothetical,  east-west  line  con- 
necting points  whose  average,  winter  temperatures  are  above  55°  F. 

The  transportation  of  infested  livestock  frequently  initiates  localized 
infestations  in  States  as  far  north  as  South  Dakota  and  New  Jersey.  In 
1961,  screwworms  were  found  in  South  St.  Paul  Stockyards,  St.  Paul, 
Minn.  This  infestation  caused  concern  because  livestock,  especially  dairy 
cattle,  are  shipped  out  of  this  area  into  the  Southeast.  The  screwworm 
might  reestablish  itself  in  the  Southeast  via  this  circuitous  route. 

The  screwworm  frequently  infiltrates  the  lower  Mississippi  Valley 
by  natural  spread,  but  seldom  moves  farther  than  one  or  two  counties  east 
of  the  River. 

Continuing  studies  of  the  pest's  seasonal  advances  and  distribution  are 
important  because  they  indicate  (1)  where  the  pest  is  confined  during  winters 
(this  fact  was  put  to  good  use  in  the  Southeast  eradication),  and  (2)  where  the 
pest  may  appear  under  favorable  conditions. 

Histories  of  the  screwworm's  seasonal  activity  and  distribution  patterns 
further  indicate  that  it  apparently  does  not  penetrate  from  the  Texas  over- 
wintering area  into  the  Southeast  under  its  own  power.  This  consideration, 
among  others,  encouraged  ARS  scientists  to  make  their  eradication  attempt. 
Once  the  pest  was  eradicated  from  Florida  and  neighboring  States  it  could 
be  kept  out  if  infested  animals  from  the  Southwest  or  intermediate  regions 
were  also  kept  out.  Federal  inspection  stations  at  the  eastern  borders  of 
Arkansas  and  Louisiana  now  operate  to  prevent  infested  animals  from  enter- 
ing the  Southeast.  Livestock  officials  in  Florida,  Louisiana,  Arkansas, 
Mississippi,  Alabama,  Tennessee,  South  Carolina,  and  Georgia  assist  the 
Federal  inspectors  by  reinspecting  animals  at  their  destination.  But  the 
screwworm  appeared  again  in  the  Southeast  in  1961,  showing  that  it  is  very 
difficult  to  keep  out  all  infested  animals.  It  is  virtually  impossible,  for  ex- 
ample, to  intercept  all  infested,  warmblooded  pets. 


CONTROLLING  THE  SCREWWORM 


During  1935-38,  in  Florida,  the  U.  S.  Bureau  of  Entomology  and  Plant 
Quarantine  (since  incorporated  into  the  Agricultural  Research  Service),  in 
cooperation  with  the  Southeastern  States,  conducted  a  Screwworm  Educa- 
tional and  Control  Program.  Within  about  a  year  and  a  half,  the  number  of 
infestations  in  the  Southeast  declined  from  about  20,000  per  month  to  less 
than  50  per  month  with  no  losses  of  livestock.  Relatively  crude  remedies 
(benzol  and  pine  tar  oil)  were  available  at  that  time,  but  the  excellent  results 
were  nonetheless  achieved.  Similar  results  could  certainly  be  achieved  in 
other  areas  under  the  same  or  similar  conditions,  especially  since  improved 
remedies  are  now  available. 


Improved  Remedies 

Since  the  1935-38  Screwworm  Educational  and  Control  Program,  the 
Entomology  Research  Division  of  ARS  developed  Smear  62  and  EQ  335,  and 
demonstrated  that  certain  sprays  could  afford  excellent  protection  against 
screwworm  flies.  Industry  subsequently  developed  Co-ral  and  Korlan  sprays 
and  Korlan  Smear. 

All  these  effectively  kill  screwworm  larvae  and  prevent  reinfestation 
for  varying,  but  significant,  periods  of  time.  Their  ultimate  efficiency, 
however,  depends  on  the  care  with  which  they  are  applied  and  how  con- 
scientiously followup  treatments  are  made.  Smear  62  consists  mainly  of 
benzol  and  diphenylamine  with  thickening  and  emulsifying  agents;  EQ  335 
contains  3  percent  lindane  and  35  percent  pine  oil  plus  suitable  fillers  and 
thickening    agents.    Co-Ral  and  Korlan  are  organic  phosphorus   compounds. 

Publications  available  from  the  Agricultural  Research  Service  give  de- 
tails on  how  these  remedies  should  be  used  to  treat  infested  animals.  Also 
listed  are  management  practices  that  will  reduce  the  incidence  of  screw- 
worm infestations. 


Inspection  and  Treatment  as  Preludes 

Frequent  inspection  of  all  animals,  especially  new  born  animals,  and 
prompt  treatment  of  all  wounds  of  the  animals  are  imperative  for  effective 
screwworm  control.  In  areas  where  the  screwworm  overwinters,  inspection 
and  treatment  are  year-around  necessities. 

The  benefits  derived  from  such  practices  extend  beyond  the  value  of 
animals  saved.  If  carried  on  conscientiously  by  all  stockmen  within  an  in- 
fested area,  they  can  reduce  the  screwworm  population  to  a  very  low  level 
(where  deer  and  other  wildlife  are  not  abundant).  The  cost  of  any  subsequent 
eradication  effort  would  then  be  measurably  reduced.  Entomologists  and 
disease  -control  officials  unanimously  agree  that  universal  control  measures 
within  an  infested  area  are  highly  desirable  preludes  to  any  eradication 
effort  and  should  be  continued  and  intensified  during  eradication  operations. 


ERADICATING  THE  SCREWWORM 


In  the  Southeast,  the  screwworm  could  not  be  eliminated  by  the  inspec- 
tion-and-treatment  method  because  infestations  in  wild  animals  maintained 
the  screwworm  population,  and  because  it  was  virtually  impossible  to  seek 
out  and  treat  every  infested  or  wounded  domestic  animal.  In  Florida,  from 
June  1,  1956,  to  July  1957,  the  screwworm  infested  an  estimated  85  percent 
of  all  wounds  in  cattle --the  worst  year  since  the  pest  entered  the  State  in 
1933. 

This  upsurge  in  screwworm  activity,  plus  the  success  that  ARS  scien- 
tists and  Netherlands  cooperators  achieved  against  the  pest  on  the  island  of 
Curacao,  Netherlands  Antilles,  apparently  prompted  the  livestock  industry 
to  virtually  demand  that  an  eradication  program  be  initiated  in  Florida.  An 
all-out  campaign  began  in  January  1958.  The  uniqueness  of  the  method 
used,  developed  over  a  25-year  period,  and  the  dramatic  success  achieved 
received  worldwide  acclaim  and  attention. 


The  Method  and  Its  Advantages 

The  method  hinges  on  the  use  of  atomic  radiation  to  sexually  sterilize 
millions  of  screwworm  flies  reared  in  an  insect-rearing  establishment. 
The  sterile  flies  are  then  released  against  their  own  kind  to  defeat  the 
primary  purpose  for  their  existence- -reproduction. 

Sterile  males,  released  in  the  infested  area,  seek  out  and  mate  with 
native  females.  The  native  females  still  lay  their  eggs  normally,  but  the 
eggs  do  not  hatch.  The  reproductive  potential  of  the  fly  is  completely  de- 
stroyed. If  the  releases  continue  long  enough  and  in  sufficient  numbers, 
the  native  population  is  overwhelmed  and  eventually  eradicated. 

This  new  method  has  obvious  advantages  over  conventional  methods, 
which  are  usually  directed  at  killing  the  living  generations  of  the  pest.  It  is 
highly  selective.  It  involves  only  the  target  species  and  leaves  the  rest  of 
the  ecological  system  completely  undisturbed.  No  species  can  acquire  im- 
munity to  sterile  matings  as  it  can  to  insecticides.  Insecticides  also  be- 
come progressively  less  effective  as  the  pest  population  declines --a  few 
survivors  may  remain  to  start  anew  the  population  increase.  With  the 
release  of  a  constant  number  of  sterile  flies,  the  sterile -fly  method,  how- 
ever, becomes  increasingly  efficient  as  the  pest  population  approaches 
the  vanishing  point.  As  sterile-fly  releases  continue,  the  time  is  inex- 
orably reached  when  sterile  males  far  outnumber  native  males  and  sterile 
matings  exclusively  within  the  release  area  become  a  mathematical 
certainty. 

Why  This  Method  Was  Used  in  the  Southeast 

The  decision  to  use  the  sterile-fly  method  inthe  Southeast  hinged  on  a 
number  of  factors  and  research  results--in  addition  to  the  fact  that  the 
Southeast  could  probably  be  protected  from  reinfestation  once  eradication 
was  achieved.  Had  any  of  these  been  unfavorable,  the  method  might  not  have 
been  feasible.  An  account  of  these  factors  and  research  results  follow: 

1.  The  screwworm  reproduces  sexually. 

2.  The  female  screwworm  fly  mates  only  once.  This  fact  was  estab- 
lished by  observations  and  cage  tests  at  the  ARS  research  facility,  Kerr- 
ville,  Tex.  While  multiple  female  matings  would  not  rule  out  the  use  of  the 
sterile -fly  eradication  method,  the  monogamous -mating  characteristic 
greatly  simplified  the  eradication  effort. 

3.  The  screwworm  has  a  relatively  short  life  cycle.  From  egg  to  egg, 
under  favorable  conditions,  the  cycle  takes  about  21  days.  The  feasibility 
of  the  eradication  effort  soon  becomes  apparent  and  the  time  needed  to 
achieve  success  is  relatively  short,  as  compared  with  insects  with  longer 
life  cycles  and  those  producing  only  one  or  two  generations  a  year. 

4.  The  screwworm  exists  in  nature  in  relatively  small  numbers.  As 
established  by  ARS  research  and  surveys,  the  number  may  be  less  than 
100  to  500  per  square  mile.  Other  serious  pests  may  number  several 
thousand  or  several  hundred  thousand  or  even  millions  per  square  mile. 
The  low  native  population  brings  within  practical  range  the  number  of  flies 
that  have  to  be  raised  and  sterilized.  This  is  a  very  important  economic 
consideration. 


5.  The  screwworm  can  be  reared  (in  enormous  numbers  if  needed)  on 
a  mixture  of  ground  meat,  blood,  and  formaldehyde.  This  fact,  established 
by  ARS  research  after  more  than  2,000  experiments,  provided  a  vital  link 
in  the  chain  of  events  leading  to  the  sterile -fly  method  for  screwworm  con- 
trol. The  formaldehyde  retards  putrefaction  in  the  mixture  and  makes  it 
continuously  acceptable  to  the  screwworm  larvae. 

6.  The  screwworm  responds  favorably  to  sterilizing  radiation.  Tests 
with  X-rays  at  Kerrville,  Tex.,  in  1951,  and  later  tests  with  gamma  radia- 
tion from  cobalt-60  showed  that  the  sterilizing  dose  does  not  seriously  re- 
tard the  activity  of  adults  even  though  it  seems  to  reduce  slightly  their 
longevity.  Other  tests  showed  that  sterilized  males  compete  on  more-or- 
less  equal  terms  with  native  males  for  mates.  The  fact  that  exposure  to 
X-rays  sterilized  certain  insects  was  established  in  1  9  17.  That  gamma  rays 
affect  insects   similarly  was  established  in  1950. 

7.  Both  the  male  and  female  screwworm  flies  are  strong  fliers.  This 
means  that  the  sterilized  male,  when  released,  has  the  necessary  motility 
to  fly  about  and  search  out  a  mate. 

Sanibel  and  Curacao 

ARS  scientists  began  practical  field  tests  of  the  sterile-fly  method  in 
195Z,  the  gamma  ray  discovery  having  provided  them  with  an  economical 
way  to  sterilize  the  screwworm  fly.  They  released  sterilized  flies  on 
Sanibel  Island  in  numbers  greater  than  naturally  existed  there.  The  natural 
population  diminished  rapidly,  but  eradication  could  not  be  proved  because 
fertile     flies     from    the    mainland,     2    miles     away,     reinfested  the  island. 

The  opportunity  for  a  more  reliable  experiment  came  in  1954  when 
arrangements  were  worked  out  with  the  Netherlands  Antilles  government  to 
try  eradication  on  the  island  of  Curacao.  The  areas  of  this  island  is  about 
170  square  miles.  The  closest  land  to  it  is  about  40  miles  away.  After  sur- 
veys to  establish  the  number  of  native  flies  per  square  mile,  ARS  scien- 
tists and  their  Netherlands  cooperators  began  releasing  sterilized  flies  on 
August  9,  1954.  They  released  about  400  sterile  males  per  square  mile  per 
week  from  airplanes,  which  provided  an  estimated  ratio  of  sterile  to  native 
flies  of  about  3  or  4  to  1.  After  14  weeks,  the  last  sterile  egg  mass  was 
collected.  Eradication  was  achieved  in  about  four  generations.  The  screw- 
worm has  not  reappeared  on  Curacao. 

Some  Highlights  of  the  Southeast  Eradication 

The  winter  of  1957-58  was  one  of  the  most  severe  ever  experienced 
in  Florida.  By  December  1957,  ARS  and  Florida  State  scientists  realized 
that  unusually  cold  weather  might  reduce  the  area  in  which  the  screwworm 
could  survive.  The  Animal  Disease  Eradication  Division  of  ARS,  in  co- 
operation with  the  Florida  Department  of  Agriculture,  began  immediate 
release  of  sterile  flies  reared  in  a  small  USDA  pilot  plant  at  Bithlo,  Fla., 
rather  than  waiting  for  completion  of  a  large  plant  at  Sebring,  Fla.  The 
reason:  to  strike  quickly  and  thus  limit  or  prevent  the  screwworm's  mov- 
ing out  of  the  restricted  overwintering  area  in  the  spring  of  1958.  This 
alert  thinking  and  subsequent  timely  release  of  sterile  flies  prevented 
screwworm  buildup  in  the  northern  half  of  Florida  and  contributed  sig- 
nificantly to  the  overall  success  of  the  program. 


The  rearing  plant  at  Sebring,  Fla.,  was  in  full  operation  by  September 
1958.  The  plant  produced  50  million  flies  per  week.  These,  sterilized  when 
in  the  pupal  stage  of  growth  (both  sexes),  were  released  at  the  average  rate 
of  1,000  (half  of  which  were  males),  per  square  mile  per  week  over  an  area 
of  80,000  square  miles  in  Florida,  Alabama,  and  Georgia.  About  80,000 
pounds  of  ground  meat  and  4,500  gallons  of  blood  were  required  each  week 
as  larval  food.  Six  cobalt -60  units  irradiated  the  pupae  and  20  airplanes 
were  needed  to  distribute  the  flies.  The  staff  consisted  of  200  to  300  workers 
in  the  fly-production  plant  and  about  80  inspectors  to  check  on  screwworm 
incidence  and  eradication  progress  in  the  field. 

There  was  little  precedent  to  follow  in  developing  the  various  pro- 
cedures required  for  such  a  program.  Every  operation  in  the  pilot  plant 
was  a  pioneering  venture,  requiring  either  new  techniques,  new  facilities, 
or  new  equipment --usually,  all  three.  The  larvae,  for  example,  were  orig- 
inally reared  in  tubs  or  trays  in  cabinets  or  rooms  heated  to  about  100°  F. 
In  cold  weather,  ventilation  had  to  be  reduced  to  maintain  this  temperature 
and  foul  odors  and  ammonia  accumulated  rapidly  and  made  working  condi- 
tions extremely  difficult.  Rearing  vats  heated  from  beneath  whose  tem- 
perature could  be  thermostatically  controlled  independent  of  the  building's 
temperature  solved  this  problem.  The  design  of  the  vats  and  the  manner  in 
which  the  larvae  fed  simulated  conditions  in  nature,  where  the  larvae  feed 
in  wounds  of  warmblooded  animals.  The  change  to  vat  rearing  doubled  the 
capacity  of  the  pilot  plant,  making  it  possible  to  rear  2  million  flies  per 
week  where  only  1  million  had  formerly  been  reared. 

Egg  collecting  was  also  improved.  Originally,  workers  trapped  gravid 
females  in  shell  vials  that  contained  pieces  of  fresh,  lean  meat.  Subse- 
quently holding  the  females  in  the  vials  for  2  hours  at  90°  to  100°  F.  in- 
duced them  to  lay  their  eggs.  But  this  procedure  became  increasingly 
laborious  as  thousands  of  females  had  to  be  "egged."  Using  a  heated  at- 
tractant  solved  this  problem.  The  attractant  came  from  the  liquid  that 
drains  from  thawing  horse  meat  or  ground  beef  heart.  Heating  this  liquid 
for  about  2  days  at  98°  F.  apparently  induced  bacterial  activity  in  it  that 
produced  byproducts  highly  attractive  to  ovipositing  flies.  When  fresh, 
ground  meat,  moistened  with  this  liquid,  and  heated  to  100  F.,  was  placed 
in  colony  cages,  the  gravid  females  swarmed  down  upon  it.  More  than  90 
percent  of  the  females  laid  their  eggs  within  3  or  4  hours. 

The  strain  of  flies  from  whichthe  released  flies  initially  came  was  also 
changed  because  (l)the  southeastern  infestationhad  apparently  been  isolated 
since  1933  and  because  (2)  the  screwworm  making  up  the  infestation  might 
have  adapted  itself  to  the  subtropical,  humid  climate  of  Florida.  If  the  last 
assumption  were  true,  then  the  native,  southeastern  male  would  have  an 
advantage  over  the  introduced,  sterilized  male,  which  originated  from  the 
Texas  strain  and  from  a  semiarid  climate.  To  get  around  this  possibility, 
ARS  scientists  collected  egg  masses  from  naturally  occurring  screwworm 
cases  in  Florida  and  southern  Georgia.  Only  flies  that  lived  longest  under 
laboratory  conditions  were  selected  for  propagation.  The  scientists  further 
confined  individual  males  in  cages  with  25  females.  By  rearing  only  those 
males  from  cages  in  which  the  most  females  we  re  fertilized,  the  scientists 
ultimately  developed  a  strain  whose  males  were  vigorous  competitors. 

Concurrent  Action  and  Wrap-up 

Simultaneously  with  full-scale  eradication  efforts,  inspection  stations 
were  established  east  of  the  Mississippi.  The  full  text  of  the  regulations 
governing  these  stations  was  published  in  the  Federal  Register  on  September 
23,    1958.    Personnel   at   the    stations    inspect    all   livestock  moving  into  the 


Southeast  from  the  Southwest.  Livestock  infested  with  screwworm  are 
treated  until  the  infestations  are  killed.  By  maintaining  these  stations,  ARS 
scientists  hope  to  keep  the  screwworm  from  reinfesting  the  Southeast  since 
eradication  has  been  achieved.  Almost  500,000  eastbound  animals  have  been 
inspected  each  year  since   1958. 

Although  the  last  screwworm  case  in  the  Southeast  (until  June  18,  1961) 
turned  up  on  June  17,  1959,  sterile  releases  continued  until  November  14, 
1959--until  assurance  was  established  that  the  pest  had  actually  been  eradi- 
cated. The  Sebring,  Fla.,  facility  for  rearing  flies  was  closed  on  that  date 
and  the  flies  used  for  breeding  stock  were  destroyed- -to  prevent  possible 
escapes  from  reinfesting  the  areas.  The  buildings  and  equipment  making  up 
the  facility  were  maintained  on  a  standby  basis  until   1962. 


THE  SCREWWORM  IN  THE  SOUTHEAST  SINCE  JUNE  17,    1959 


Between  June  17,  1959,  and  June  18,  1961 ,  only  two  screwworm  infested 
animals  were  found  in  the  southeastern  eradication  area  beyond  Missis- 
sippi--one  in  Tampa,  Fla.,  in  a  shoulder  cut  on  a  racing  greyhound  that  had 
been  transported  from  Kansas,  and  the  other  in  a  beef  steer  at  Geneva 
County,  Ala.,  also  an  importee  from  the  Southwest.  Both  animals  were  im- 
mediately treated.  Followup  inspections  and  surveys  failed  to  turn  up  any 
other  cases. 

On  June  18,  1961,  however,  about  100  screwworm  larvae  were  found  in 
a  Z-week-old  pig  on  a  farm  in  Holmes  County,  northwestern  Florida.  Four 
other  cases  turned  up  in  the  vicinity  of  this  farm.  Immediate  action  —  re- 
leasing sterile  flies,  treating  infested  animals,  spraying  other  animals,  and 
intensive  surveys  and  searches  - -soon  disposed  of  these  threats  in  Holmes 
County. 

Other  infestations  subsequently  appeared  near  Vicksburg,  Miss.,  and 
Memphis,  Tenn.  The  latter  infestations  spread  into  the  middle  of  Tennessee. 
By  October  23,  the  screwworm  re  -invasion  of  the  Southeastern  States  pene- 
trated into  Hall,  Lee,  Montgomery,  and  Perry  Counties  in  Alabama  and 
Webster  County  in  Georgia.  Webster  County,  Ga.,  is  very  near  the  edge  of 
the  maximum  overwintering  line  below  which  the  screwworm  can  survive 
during  exceptionally  mild  winters. 

Sterile  fly  releases  were  started  immediately,  infested  premises  were 
treated  with  insecticides,  infested  herds  were  treated,  and  other  herds  in 
infested  areas  received  insecticidal  spray.  Animals  moving  into  Florida 
from  Georgia  and  Alabama  had  to  pass  through  inspection  stations.  All  this 
action  was  taken  to  eliminate  the  infestations  and  to  keep  the  screwworm 
out  of  southern  Florida  where  it  could  overwinter  during  almost  any  winter. 

In  January  1962,  sterile  fly  releases  were  stopped  and  the  livestock- 
movement  restrictions  lifted.  The  screwworm  had  again  been  conquered  in 
the  Southeast  by  a  combination  of  insecticide  applications,  sterile  fly  re- 
leases, cold  weather,  and  the  excellent  cooperation  of  livestock  owners, 
veterinarians,  and  Federal-State  pest  control  officials. 
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THE  SCREWWORM  IN  THE  SOUTHWEST 


The  successful  eradication  in  the  Southeast  led  to  inquiries  about  the 
feasibility  of  using  the  same  methods  in  the  Southwest. 

During  January  through  April  1959,  therefore,  and  during  1960-61, 
the  Animal  Disease  Eradication  Division  of  ARS,  in  collaboration  with  the 
Federal  Extension  Service,  State  Departments  of  Agriculture,  practicing 
veterinarians,  and  livestock  owners  conducted  fact-finding  surveys  of  the 
screwworm  in  the  Southwest.  (Similar  programs  were  conducted  in  north- 
eastern Mexico  during  February  1959  and  during  1960-61  because  the  two 
areas  are  contiguous.)  An  attempt  was  made  to  coordinate  the  data  collected 
with  the  topography  and  climate  of  the  Southwest  and  with  the  distribution 
of  wild  and  domestic  animals.  A  series  of  maps  presented  the  information 
gathered. 

The  survey  showed  that  screwworm  infestations  are  generally  light 
and  scattered  during  the  •winter  in  the  overwintering  areas.  Medium  to 
heavy  populations  are  seldom  reported  during  the  winter  months  and  occur 
only  in  localized  areas  during  exceptionally  mild  winters.  Research  and 
surveys  over  a  period  of  years  had  further  indicated  that  periodic  fluctua- 
tions in  'winter  climatic  conditions  account  for  variations  in  the  extent  of 
overwintering  areas --they  are  larger  during  mild  winters  and  smaller  dur- 
ing severe  winters.  The  delineation  of  areas  where  screwworm  survive  and 
remain  active  during  the  winter  months  is  important  to  a  control  or  eradi- 
cation program- -it  is  in  these  areas  that  most  of  the  control  or  eradication 
activities  must  be  effectively  concentrated,  while  fly  populations  are  at  their 
lowest  ebb. 

Overwintering  Areas  in  the  Southwest 


The  average  area  in  the  southwestern  United  States  where  the  screw- 
worm overwinters  comprises  about  150,000  square  miles --46,000  in  Cali- 
fornia, 34,000  in  Arizona,  and  70,000  in  Texas.  It  seldom  overwinters  in 
New  Mexico  and  Louisiana. 

In  California  the  overwintering  area  extends  from  the  Mexican  border 
into  the  Imperial  Valley,  through  the  San  Bernardino  Mountain  passes,  and 
into  the  San  Joaquin  Valley.  (Studies  made  in  1938-42  showed  no  overwinter- 
ing in  the  San  Joaquin  Valley.)  The  area  assumes  a  somewhat  fingerlike 
shape.  It  includes  all  or  parts  of  the  following  counties:  Imperial,  San  Diego, 
Riverside,  San  Bernardino,  Los  Angeles,  Kern,  Kings,  Tulare,  and  Fresno. 
This  peculiar  area  configuration  is  due  to  the  unusual  topography  of  the  State 
and  its  related  climatic  conditions.  Latitude  usually  determines  tem- 
perature, but  in  California  points  having  the  same  temperature  have  mostly 
a  north-south  rather  than  an  east-west  trend. 

The  southwest  overwintering  area  extends  eastward  from  southern 
California  across  southern  Arizona  in  a  100 -mile  band  adjacent  to  the  Mexi- 
can border.  It  includes  all  or  parts  of  the  following  counties:  Yuma,  Mari- 
copa, Pinal,  Pima,  Santa  Cruz,  Cochise,  and  Graham. 

The  screwworm  occasionally  overwinters  in  the  New  Mexico  counties 
of  Hidalgo,    Grant,    and    Luna,  an  area  approximating  10,000  square  miles. 


The  usual  northern  limit  of  the  overwintering  area  in  Texas  extends 
from  Jeff  Davis  County  eastward  to  Galveston  County  and  circumscribes 
5  5  southern  counties.  This  area  is  the  breeding  ground  for  the  screwvorm 
flies  that  move  out  each  spring  and  infest  other  States  to  the  East  and  North. 
During  unusually  mild  winters,  the  screwworm  in  Texas  may  overwinter  as 
far  north  as  Dallas. 

Availability  of  Hosts  in  the  Southwest 

No  county  in  this  area  has  fewer  than  20  screwvorm  hosts  per  square 
mile.  Some  counties  obviously  have  hundreds.  An  estimation  of  wildlife 
numbers  in  this  area  follows:  Arizona,  1,137,000;  California,  6 1  1 ,260;  New- 
Mexico,  224,000;  and  Texas,  10,148,000.  An  estimation  was  not  made  for 
Louisiana. 


THE  SCREWWORM  IN  NORTHEASTERN  MEXICO 


The  Mexican  Department  of  Agriculture  has  recorded  the  fact  that  the 
screwworm  is  prevalent  throughout  Mexico. 

In  February  1959,  officials  of  the  U.  S.  Department  of  Agriculture  and 
the  Mexican  Department  of  Agriculture,  met  in  Monterrey,  Mexico,  and 
made  arrangements  for  a  joint  survey  of  screwworm  activities  in  the  north- 
eastern part  of  Mexico.  The  survey  began  in  the  Gulf  Coast  region  and 
progressed  southward  and  westward.  It  covered  all  or  parts  of  the  following 
States:  Tamaulipas,  Veracruz,  Puebla,  Tlaxcala,  Hidalgo,  Queretaro, 
Guanajuato,  San  Luis  Potosi,  Nuevo  Leon,  Zacatecas,  Durango,  Coahuila, 
Chihuahua,  Jalisco,  Michoacan,  Mexico,  and  Aguascalientes.  Survey  results 
follow: 

1.  There  is  little  likelihood  that  a  natural  barrier  exists  in  north- 
eastern Mexico  that  prevents  the  screwworm  fly  from  migrating  northward. 
Livestock  owners  in  different  States  reported  screwworm  activity  at  alti- 
tudes as  high  as  8,000  feet  and  a  few  reported  activity  throughout  the  year 
at  this  altitude.  A  possible  explanation:  The  soil  over  much  of  Mexico  is 
volcanic  in  origin  and  dark  in  color.  There  are  few  cloudy  days  at  high  alti- 
tudes during  the  winter.  The  sun  at  this  latitude  pours  more  warmth  into  the 
soil  than  in  high-altitude  regions  farther  from  the  Equator.  The  dark  soil 
absorbs  and  holds  the  warmth  and  this  may  explain  why  pupae  are  able  to 
survive  at  such  high  altitudes  in  spite  of  relatively  cool  weather. 

2.  Screwworm  activity  appeared  to  be  rather  general  in  all  States  sur- 
veyed with  the  exception  of  Tlaxcala.  This  small  State  exhibited  no  evidence 
of  screwworm  activity  at  any  time  during  the  year. 

3.  The  screwworm  was  of  little  importance  to  a  surprisingly  large 
number  of  livestock  owners.  Apparently  many  herds  inMexico  do  not  graze 
unattended  in  pastures  or  on  open  range.  If  herdsmen  were  always  present, 
screwworm  infestations  would  apparently  be  noticed  and  treated  im- 
mediately. If  wildlife  were  not  abundant,  this  practice  alone  would  prevent 
the  screwworm  from  building  up  into  devastating  infestations. 
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4.  Coastal  Mexico  may  receive  rainfall  during  any  month  of  the  year. 
Central  Mexico  has  a  rainy  season  that  usually  lasts  from  May  through 
October.  Many  ranchers  reported  increased  screwworm  activity  following 
rainy  spells.  Peaks  of  activity  seem  to  occur  during  May  and  June  and 
during  September  and  October. 


ACTION  IN  THE  SOUTHWEST  DURING  1962 


On  February  13,  1962,  the  Secretary  of  the  U.  S.  Department  of  Agri- 
culture announced  that  eradication  of  the  screwworm  from  large  areas  of 
the  Southwest  would  get  underway  immediately.  This  program,  which  began 
in  Texas,  is  a  joint  effort  of  USDA's  Agricultural  Research  Service,  the 
Southwest  Animal  Health  Research  Foundation,  and  the  Texas  Animal  Health 
Commission.  Agricultural  Extension  Services,  agricultural  regulatory 
agencies,  and  many  other  public  and  private  groups  in  the  States  concerned 
are  cooperating.  The  initial  force  for  the  program  came  from  the  Southwest 
Animal  Health  Research  Foundation- -the  members  of  this  organization  and 
allied  interests  set  a  goal  of  $3  million  to  be  contributed  by  citizens  of  the 
Southwest  to  get  the  program  started. 

The  Southwest  program  rests  on  the  same  procedures  that  proved  ef- 
fective in  the  Southeast- -production  and  air  dispersal  of  sexually  sterilized 
screwworm  flies  and  prompt  detection  and  reporting  of  all  suspected  screw- 
worm cases.  The  program  also  calls  for  the  establishment  of  a  fly-free 
barrier  along  the  Mexico -Texas  border.  Establishing  and  maintaining  this 
barrier  (to  prevent  reinfestation  of  the  eradication  areas)  requires  con- 
tinued release  of  sterile  flies,  and  control  of  livestock  shipments.  These 
requirements  are  obviously  vital  to  the  barrier's  success,  but  the  most 
vital  is  this:  Livestock  and  pet  owners  in  Texas  and  adjacent  areas  must 
always  be  constantly  vigilant  and  must  report  immediately  all  maggot - 
infested  wounds  they  find  in  their  pets  or  livestock. 

An  effective  barrier  will  protect  Texas  and  States  to  the  north  and  east 
and  will  also  help  maintain  a  screwworm-free  Southeast. 

The  Southwest  program  calls  for  a  permanent  fly-rearing  facility  near 
the  Mexican  border  for  producing  and  distributing  50  to  75  million  sterile 
flies  a  week.  Construction  of  such  a  facility  is  underway  at  the  former 
Moore  Air  Force  Base  near  Mission,  Tex.  The  Texas  Animal  Health  Re- 
search Foundation  made  the  necessary  arrangements.  The  State  of  Florida 
is  making  available  its  equipment  that  was  used  at  Sebring  to  help  equip  the 
Mission  plant.  ARS  equipment  will  also  be  transferred  from  Sebring  to 
Mission,  and  the  Sebring  plant  will  be  closed. 


MORE  RESEARCH  NEEDED 

Pioneering  research  on  the  sterile-fly  method  of  screwworm  eradica- 
tion led  to  procedures  that  eliminated  the  pest  in  the  Southeast.  Experience 
gained  in  the  Southeast  and  appreciation  of  the  problem  in  the  Southwest, 
however,  point  out  several  phases  of  screwworm  control  that  ARS  disease - 
control    officials  would  like  to  see  improved.  For  example,  more  research 
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is  needed  to  establish  better  ways  of  fighting  incipient  outbreaks,  and  to 
improve  the  effectiveness  of  inspection  stations.  Also,  in  the  Southwest, 
the  principle  of  forming  an  artificial  barrier  between  the  U.  S.  and  Mexico 
has  yet  to  be  tested.  Experience  gained  from  maintaining  this  barrier, 
plus  research  to  solve  any  problems  that  may  arise  in  its  maintenance, 
may   reduce    expenditures    if  the    present   Southwest   program    is  extended. 


Nutrition 

Flies  reared  by  current  procedures  do  not  live  as  long  and  they  are 
not  as  vigorous  as  flies  in  nature.  Improved  nutritional  media  for  rearing 
flies  in  the  laboratory  might  lead  to  a  strain  that  compares  favorably  with 
wild  flies.  Such  a  development  could  more  than  double  the  effectiveness  of 
flies  now  produced  for  screwworm  eradication. 


Irradiation 

Exposure  of  screwworm  pupae  to  gamma  rays  reduces  the  sexual  vigor 
and  possibly  the  life  span  of  the  subsequent  adults.  The  persistence  of  a  3- 
county  infestation  in  Florida  in  1  958  might  have  been  due  to  the  fact  that  the 
released  flies  lacked  competitive  vigor  because  of  irradiation  damage.  In- 
tensive basic  research  is  needed  to  determine  (1)  the  optimum  dosage  of 
radiation  at  different  temperatures,  (2)  optimum  radiation  rate,  (3)  optimum 
age  for  pupae  irradiation,  (4)  optimum  conditions  for  handling  pupae  and 
flies  after  irradiation,  and  (5)  the  possibilities  of  developing  other  ways 
to  produce  sterility.  Improved  nutrition  added  to  optimum  efficiency  in  ir- 
radiation would  lead  to  still  greater  economies  in  control  or  eradication 
programs. 


Attractants 

A  good  attractant  for  the  screwworm  is  needed  (1)  to  permit  accurate 
estimates  of  fly  population  throughout  a  potential  release  area  so  releases 
can  be  adjusted  as  needed  in  line  with  high  or  low  incidence  of  native  flies, 
(2)  to  measure  the  progress  of  the  control  or  eradication  effort,  (3)  to  de- 
tect incipient  infestations  almost  instantaneously  so  prompt  eradication 
efforts  can  be  started  to  prevent  damaging  buildups,  and  (4)  to  detect  low- 
levels  of  infestation.  If  survey  methods,  founded  on  attractant  results, 
could  determine  the  absence  of  the  screwworm  with  complete  confidence, 
sterile  fly  releases  during  eradication  could  be  promptly  terminated,  if  the 
survey  so  justified.  The  availability  of  such  a  method  in  the  Southeast  might 
have  saved  substantial  sums.  Potential  saving  in  other  areas  could  amount 
to  millions  of  dollars.  Research  has  revealed  some  important  leads  but  a 
successful  attractant  has  not  as  yet  been  developed. 

Genetic  Studies 

In  any  eradication  or  control  program,  it  would  be  advantageous  if  re- 
leased flies  could  be  easily  distinguished  from  native  flies.  Developing  a 
strain  that  carries  a  distinguishing  mark  might  accomplish  this.  (A  promis- 
ing development  is  a  strain  of  "black"  flies  that  is  genetically  controlled.) 
Some  of  the  genetic  markings  produced  in  experimental  flies,  but  not  as 
yet  genetically  established,  include  a  distinguishable  vein  in  the  wing  and 
eye  colors  that  differ  from  those  in  native  flies. 
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Developing  strains  originating  in  a  particular  area  for  release  in  that 
area  would  also  be  advantageous.  Flies  from  the  West  Coast,  for  example, 
might  be  physiologically  better  adapted  to  that  area  than  a  strain  of  flies 
from  the  humid  East  Coast. 


Operational  Improvements  Needed 

Improvements  in  methods  and  materials  are  needed  to  put  the  results 
of  research  to  more  efficient  use.  Opportunities  occur  during  the  program 
activities  to  test  various  procedures.  The  following  are  some  items  needing 
further  refinement: 

1.  Larval  rearing  vats--these  should  be  improved  so  they  can  be 
heated  more  uniformly. 

Z.  Methods  of  collecting  larvae  that  will  reduce  labor  costs,  provide 
a  more  favorable  environment,  and  prevent  the  escape  of  larvae  that  would 
develop  into  fertile  flies  and  jeopardize  the  eradicationor  control  program. 

3.  Cobalt-60  irradiation  units  and  loading  and  unloading  mechanisms  - - 
improvements  are  needed  here  for  more  efficient  operation,  and  the  elimi- 
nation of  human  error. 

4.  The  possibility  of  using  larger  airplanes  and  flying  at  higher  alti- 
tudes to  increase  swath  width  and  carry  much  larger  loads  of  packaged 
flies --thereby  reducing  costs  of  fly  distribution. 

5.  The  development  of  larger  cartons  for  irradiated  flies  and  im- 
provements in  dispersal  mechanisms. 

6.  Determining  the  most  favorable  environment  for  pupation  to  gain 
more  uniformity  in  the  time  of  pupation. 

Items  Z,  4,  5  and  6  have  already  received  attention.  Larvae  have  been 
experimentally  harvested  from  slowly  moving  water;  larger  planes  and 
larger  cartons  (holding  Z,500  instead  of  500  flies)  were  coming  into  use  at 
the  tailing  off  of  the  southeastern  eradication;  and  the  use  of  a  dark  tunnel 
with  a  carefully  controlled  high  humidity  has  improved  pupation. 
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